SUMMARY Stable mouse monoclonal hybridoma cell lines secreting antibodies against Listeria monocytogenes were produced. Antibodies from two of these cell lines (designated CL2 and CL17) have been partially characterised. The specificities of these antibodies were assessed using indirect immunofluorescence antibody tests and L monocytogenes (166 strains) grown in vitro, other species of Listeria (21 strains), and bacteria from 14 other genera (87 strains). The antibodies were found to be specific for Listeria, and when used in combination, reacted with almost all strains of L monocytogenes. A simple and rapid direct immunofluorescence technique was developed, and the presence of L monocytogenes was shown in necropsy tissue from three patients where listeriosis had been confirmed by isolation of the bacterium. Bacteria were also confirmed using one of these antibodies in necropsy tissue from one further patient in whom listeriosis was suspected, but not confirmed by the cultivation of L monocytogenes.
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Listeria monocytogenes is a Gram positive bacillus, which was first described in England as causing infection in laboratory animals.' The disease caused by this bacterium (listeriosis) is now known to affect a wide range of animals including man,2 in whom listeriosis has become increasingly recognised as an important cause of sepsis during the perinatal period, and also of opportunistic infections (particularly of the central nervous system) in adults and juveniles. 3 Over the past decade there has been an apparent increase in the incidence oflisteriosis in Britain in both man,45 and domestic animals67; the reasons for this increase are not known. The epidemiology of human listeriosis has remained obscure, although outbreaks in North America have highlighted the possibility of food borne infection."'0 The growth characteristics and distribution of this bacterium make it an ideal candidate for transmission through food, especially as a contaminant of refrigerated food. It is not known to what extent food borne listeriosis takes place.
Although the genus Listeria was originally considered to contain one species (L monocytogenes), seven additional species are now also recognised."' 2
Bacteria of this genus are ubiquitously distributed in Accepted for publication 7 April 1988 the environment, and commonly found in the gut and genital tract of healthy people.'3 L monocytogenes is the major pathogen in both animals and man.5'4 In man, however, occasional infections due to L ivanovii and L seeligeri occur.'" '6 A serotyping scheme has been described by DonkerVoet and Seeliger'7 based on agglutination reactions of Listeria with highly absorbed rabbit antisera. This system permits the recognition of a number of somatic and flagellar antigens, and hence the subdivision of L monocytogenes into 13 serovars. These are: 1/2a, 1/2b, 1/2c, 3a, 3b, 3c, 4a, 4ab, 4b, 4c, 4d, 4e, and 7.18 Surveys on the continent of Europe by these and other workers showed that a large proportion of strains of L monocytogenes from both human and animal infections belong to one of a small number of serovars. Strains of L monocytogenes isolated from humans in Britain are similar in this respect as, in a survey ofover 700 cases,5 91% of all isolates comprised only three serovars (59% were serovar4b, 18% serovar 1/2a, and 14% serovar 1/2b).
We previously reported the production of 15 
PRODUCTION OF MONOCLONAL ANTIBODIES
Balb/c mice were immunised with three wild-type strains of L monocytogenes which had been isolated from patients with listeriosis in Britain. Spleen cells from hyperimmune mice were fused with plasmacytoma cells, as described previously,20 and screened for antibody production using fluorescein isothiocyanate (FITC) conjugated goat anti-mouse antibodies (Tago) in an indirect immunofluorescence test. Cell lines were cloned twice by a limiting dilution technique. For the production of antibody, the hybridoma cell lines were reintroduced into the peritoneal cavity of mice to form an ascitic tumour, and antibody rich ascitic fluid was collected.
Seventeen stable cell lines were generated which produced anti-Listeria antibodies. Antibodies from two of these cell lines (designated CL2 and CL 17) were selected for this study. The antibody producing hybridomas resulted from fusions between mouse spleen cells and the plasmocytoma cell line JKAg8653
McLauchlin, Black, Green, Nash, Taylor for CL2, and NSO for CL17. The monoclonal antibody secreting hybridoma CL2 was produced from a mouse inoculated with a serogroup 4 strain ofL monocytogenes, and CL17 after inoculation with a serogroup 1/2 strain. Both the antibodies are of the IgM isotype, and direct FITC-antibody conjugates have been prepared using previously described methods. 21 Optimal results were obtained when FITC was coupled to purified antibody in the molar ratios (FITC:antibody) of 1:40 for CL2, and 1:20 for CL17.
CONDITIONS FOR BACTERIOLOGICAL GROWTH
Strains of Listeria were grown in vitro at 37°C on: Tryptose agar plus 1% (w:v) glucose (Difco Laboratories, Detroit Michigan, USA), 5% horse blood agar (Nutrient Agar base No 2, Oxoid Limited, Basingstoke, England), and in brain heart infusion broth (Difco Laboratories) and in nutrient broth (Oxoid Limited). Strains of bacteria from other genera were grown on blood agar (as above) and cultivated as listed in table 1 .
All strains of bacteria were grown in vitro as appropriate, and killed with 1% (v:v) formalin in phosphate buffered saline (PBS, Oxoid Limited).
SPECIFICITIES OF THE ANTIBODIES
The formalised suspensions of bacteria were diluted to about 5 x 107 bacterial cell/ml, and 0-02% (v:v) normal formolised yolk sac (prepared in DMRQC) added. Using this bacterial suspension, about 200 bacteria per high power field were observed using the method described below.
The bacterial suspension was spotted (5 pl volumes) on to 3 mm diameter wells on microscope slides coated with PTFE (Hendley, Essex), air dried, and fixed by total immersion in acetone for 10 minutes. Dilutions of whole ascitic fluid (between the end point and at 10 times stronger than this) from CL2 and CL17 were added to appropriate wells in 10 pIl volumes, and these were incubated in a damp box for 30 minutes at 37°C. The slides were washed in PBS for 10 minutes (with two changes) and air dried. Ten pl of the anti-mouse FITC conjugate was added (diluted to optimum in PBS), and the slides were incubated and washed as before.
After drying the slides were examined by epiillumination using a Zeiss microscope equipped with x 1O eyepieces, x 63 water immersion objective, HB 050 mercury vapour lamp, and interference filters (excitation KP 490 and LP 455 nm, 510 nm dichroic mirror, and barrier filters BP 520-560 nm and BP 590 nm).
EXAMINATION OF NECROPSY TISSUE
Impression smears were prepared on glass microscope slides from necropsy tissue, air dried, and fixed in A previously healthy 50 year old woman was admitted to hospital with a 10 day history of headache and dizziness of gradual onset, accompanied by nausea and vomiting, and later dysarthria and transient diplopia. On examination, she was toxic and feverish (38-5°C) and had nystagmus and incoordination of movement, but no papilloedema.
A computed tomography scan showed a relatively low density area in the mid-brain, but cerebrospinal fluid showed normal cell and glucose content and no bacteria were isolated on culture. A further sample of CSF examined 48 hours later showed 24 lymphocytes/ mm,3 but was otherwise normal. Blood cultures were not obtained.
A diagnosis of herpes simplex encephalitis was considered a strong possibility and she was treated with Acyclovir and dexamethasone. Despite an initial improvement she developed a complete upper brain stem palsy and a further computed tomography scan showed an extension of the abnormality in the upper brain stem to the cerebellum, the appearance suggesting an infarct. She died five days later of respiratory failure.
As the brain was fixed at necropsy culture was not possible. Following fixation the mid-brain and upper pons were found to be totally destroyed by a subacute inflammatory process with necrotic areas in which numerous Gram positive coccobacilli were present. Abscesses were also present in the thalamus and the cerebellum but there was no evidence of meningitis.
Results

SPECIFICITY OF THE ANTIBODIES
The reaction of the antibodies with strains of Listeria and other species of bacteria is shown in table 2.
The strains of Listeria were initially tested when grown on Difco Tryptose Agar. The monoclonal antibody CL17 reacted with 61 of the 64 (95%) L monocytogenes serogroup 1/2 and serogroup 3 strains tested, but did not react with strains of L monocytogenes serogroups 4 or 7, or with strains from the remaining species ofListeria (with the exception ofthe type strain of L seeligeri, which is serovar 1/2b). The antibody CL2 reacted with all 77 of the L monocytogenes serovar 4b strains, just over half (13/24) monocytogenes serogroup 1/2, 3 and 4 were further tested when grown using blood agar, brain heart infusion broth, and nutrient broth. No differences in the specificities of the antibodies were detected using the growth obtained from these four different media.
No strong cross reactions with other species of bacteria were observed. Some of the strains of Staphylococcus aureus (known to contain Fc receptors on the cell surface), however, did react non-specifically with the dilutions of ascitic fluid and also with the FITC conjugated anti-mouse antibody. These reactions were not observed when the bacteria were pretreated with normal rabbit sera or when the FITC conjugated anti-Listeria monoclonal antibodies were used. This suggests that these reactions were of a nonimmune nature.
REACTIVITY OF THE MONOCLONAL ANTIBODIES WITH NECROPSY SPECIMENS
Results ofimmunofluorescence microscopy are shown in table 3. Bacteria were observed in material from cases 1, 2, and 3, which had reacted with the monoclonal antibody ofthe specificity corresponding to that of the serogroup of the isolate of L monocytogenes from each of the patients. Extremely large numbers of bacteria were seen in the impression smears taken from cases I and 2.
Bacilli reacting with CL2 (and hence presumably L monocytogenes serogroup 4) were seen in the material from case 4. The monoclonal antibodies described here were shown to be specific for certain serovars of Listeria, but the possibility ofcross reactions can not entirely be excluded as only a limited number of heterologous strains have been tested here, and these were cultured using a single set of growth conditions. It should be borne in mind that the cell surface (and presumably its antigenic nature) of bacteria may change depending on the culture conditions.37 The antigens detected on the cell surface of L monocytogenes by the monoclonal antibodies, however, were present when the bacteria were grown under a number of different conditions. In addition, the observation presented here showing that these antigens are expressed in vivo confirms that these are relatively stable characteristics. Several workers have reported the use of FITC conjugated antibodies3`and bacteriophages4' for the identification of L monocytogenes in clinical and environmental material. The monoclonal antibodies described here have the advantages over conventionally produced antisera of better reagent reproducibility and ease of production. When tested against strains of L monocytogenes, the monoclonal antibodies were broadly serogroup specific, but neither reacted in a manner identical with that of the factor sera described in the Donker-Voet/ Seeliger antigenic scheme. '8 This suggests that the antigens reacting with the monoclonals are related to, but may not necessarily be identical with, those recognised in this scheme.
The incidence with which each serogroup of L monocytogenes causes infection in man in Britain has been reported.5 Using this information, together with the results in table 2, it can be estimated that when present in clinical specimens, strains of L monocytogenes in over 95% of all patients with listeriosis will be detected using these two monoclonal antibodies. This estimate assumes that the specificities of these antibodies are similar with respect to bacteria grown in vitro and in vivo. Our results indicate this to be the case, although only a very limited number of necropsy specimens have so far been examined. 
